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1
ELECTRONIC DEVICE INCLUDING
THREE-DIMENSIONAL GESTURE
DETECTING DISPLAY

FIELD OF TECHNOLOGY

The present disclosure relates to electronic devices, includ-
ing but not limited to, portable electronic devices having
three-dimensional gesture detecting displays and their con-
trol.

BACKGROUND

Electronic devices, including portable electronic devices,
have gained widespread use and may provide a variety of
functions including, for example, telephonic, electronic mes-
saging and other personal information manager (PIM) appli-
cation functions. Portable electronic devices include, for
example, several types of mobile stations such as simple
cellular telephones, smart phones, wireless personal digital
assistants (PDAs), and laptop computers with wireless
802.11 or Bluetooth capabilities.

Portable electronic devices such as PDAs or smart tele-
phones are generally intended for handheld use and ease of
portability. Smaller devices are generally desirable for port-
ability. A touch-sensitive display, also known as a touch-
screen display, and displays or devices capable of detecting
objects spaced from the display are particularly useful on
handheld devices, which are small and have limited space for
user input and output. The information displayed on the
touch-sensitive displays may be modified depending on the
functions and operations being performed.

Improvements in devices capable of detecting objects that
are spaced from the display are desirable.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a portable electronic device in
accordance with the disclosure.

FIG. 2 is an exploded view of a three-dimensional gesture
detecting display of an electronic device in accordance with
the disclosure.

FIG. 3 is a simplified perspective view of an electronic
device.

FIG. 4 is a perspective view illustrating the electromag-
netic field created by antennae of the electronic device of F1G.
3.

FIG. 5 is a perspective view illustrating the effect of an
object in the electromagnetic field of FIG. 4.

FIG. 6 is a flowchart illustrating a method of detecting
attributes, including location of an object in accordance with
the disclosures.

FIG. 7 through FIG. 10 illustrate an example of object
detection and a resulting change in a displayed object.

DETAILED DESCRIPTION

The following describes an electronic device and a three-
dimensional gesture detecting display that includes a plural-
ity of antennae arranged and constructed to emit a signal and
to receive backscatter from the signal, and a processor oper-
ably coupled to the antennae to utilize the received backscat-
ter to detect location and at least one of size and shape of an
object spaced from the display.

For simplicity and clarity of illustration, reference numer-
als may be repeated among the figures to indicate correspond-
ing or analogous elements. Numerous details are set forth to
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provide an understanding of the examples described herein.
The examples may be practiced without these details. In other
instances, well-known methods, procedures, and components
are not described in detail to avoid obscuring the examples
described. The description is notto be considered as limited to
the scope of the examples described herein.

The disclosure generally relates to an electronic device,
such as a portable electronic device or non-portable electronic
device. Examples of portable electronic devices include
mobile, or handheld, wireless communication devices such as
pagers, cellular phones, cellular smart-phones, wireless orga-
nizers, personal digital assistants, wirelessly enabled note-
book computers, tablet computers, mobile internet devices,
electronic navigation devices, and so forth. The portable elec-
tronic device may be a portable electronic device without
wireless communication capabilities, such as handheld elec-
tronic games, digital photograph albums, digital cameras,
media players, e-book readers, and so forth. Examples of
non-portable electronic devices include desktop computers,
electronic white boards, smart boards utilized for collabora-
tion, built-in monitors or displays in furniture or appliances,
and so forth.

A block diagram of an example of a portable electronic
device 100 is shown in FIG. 1. The portable electronic device
100 includes multiple components, such as a processor 102
that controls the overall operation of the portable electronic
device 100. Communication functions, including data and
voice communications, are performed through a communica-
tion subsystem 104. Data received by the portable electronic
device 100 is decompressed and decrypted by a decoder 106.
The communication subsystem 104 receives messages from
and sends messages to a wireless network 150. The wireless
network 150 may be any type of wireless network, including,
but not limited to, data wireless networks, voice wireless
networks, and networks that support both voice and data
communications. A power source 142, such as one or more
rechargeable batteries or a port to an external power supply,
powers the portable electronic device 100.

The processor 102 interacts with other components, such
as a Random Access Memory (RAM) 108, memory 110, a
three-dimensional gesture detecting display 118, an auxiliary
input/output (I/O) subsystem 124, a data port 126, a speaker
128, a microphone 130, short-range communications 132 and
other device subsystems 134. The three-dimensional gesture
detecting display 118 includes a display 112 and antennae
114 that are coupled to at least one controller 116 that is
utilized to interact with the processor 102. The controller 116
and antennae 114 are utilized as a transceiver to transmit and
receive signals. Input via a graphical user interface is pro-
vided via the three-dimensional gesture detecting display
118. Information, such as text, characters, symbols, images,
icons, and other items that may be displayed or rendered on a
portable electronic device, is displayed on the display 112 via
the processor 102. The processor 102 may also interact with
an accelerometer 136 that may be utilized to detect direction
of gravitational forces or gravity-induced reaction forces.

To identify a subscriber for network access, the portable
electronic device 100 may utilize a Subscriber Identity Mod-
ule or a Removable User Identity Module (SIM/RUIM) card
138 for communication with a network, such as the wireless
network 150. Alternatively, user identification information
may be programmed into memory 110.

The portable electronic device 100 includes an operating
system 146 and software programs, applications, or compo-
nents 148 that are executed by the processor 102 and are
typically stored in a persistent, updatable store such as the
memory 110. Additional applications or programs may be
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loaded onto the portable electronic device 100 through the
wireless network 150, the auxiliary I/O subsystem 124, the
data port 126, the short-range communications subsystem
132, or any other suitable subsystem 134.

A received signal such as a text message, an e-mail mes-
sage, or web page download is processed by the communica-
tion subsystem 104 and input to the processor 102. The pro-
cessor 102 processes the received signal for output to the
display 112 and/or to the auxiliary /O subsystem 124. A
subscriber may generate data items, for example e-mail mes-
sages, which may be transmitted over the wireless network
150 through the communication subsystem 104. For voice
communications, the overall operation of the portable elec-
tronic device 100 is similar. The speaker 128 outputs audible
information converted from electrical signals, and the micro-
phone 130 converts audible information into electrical signals
for processing.

The three-dimensional gesture detecting display 118
includes the antennae 114. The antennae 114 may include
transmit antennae and receive antennae. Alternatively, the
antennae may include antennae that are operable to transmit
and to receive signals. The antennae may comprise any suit-
able material, such as indium tin oxide (ITO). The antennae
may be formed, for example, by depositing ITO on one or
more layers on the display 112 and patterning to form the
antennae.

One or more objects may be detected by the three-dimen-
sional gesture detecting display 118. The processor 102 may
determine attributes of the object, including a location of the
object. Location data may include data for a size of an object,
a location of the object or location or a single point on the
object, such as a point at or near a center of a detected area.
The location of a detected object may include x, y, and z
components, e.g., horizontal and vertical components, with
respectto one’s view of the display 112, and distance from the
display 112, respectively. The detected object may be a finger,
thumb, hand, appendage, or other objects, for example, a
stylus, pen, or other pointers.

One or more gestures may also be detected by the three-
dimensional gesture detecting display 118. A gesture, such as
a movement of an object relative to the three-dimensional
gesture detecting display 118, may be identified by attributes
of the gesture, including the origin point, the end point, the
distance travelled, the duration, the velocity, and the direc-
tion, for example. A gesture may be long or short in distance
and/or duration. Two points of a gesture may be utilized to
determine a direction of the gesture. A gesture may also
include a hover. A hover may occur when an object is at a
location that is spaced from the three-dimensional gesture
detecting display 118 and that is generally unchanged over a
period of time.

The display 112 includes a display area in which informa-
tion may be displayed, and a non-display area extending
around the periphery of the display area. The non-display area
is utilized to accommodate, for example, electronic traces or
electrical connections, adhesives or other sealants, and/or
protective coatings around the edges of the display area and
information is not displayed in the non-display area. The
non-display area may be referred to as an inactive area and is
not part of the physical housing or frame of the electronic
device. Typically, no pixels of the display are in the non-
display area, thus no image can be displayed by the display
112 in the non-display area. Optionally, a secondary display,
not part of the primary display 112, may be disposed under
the non-display area. Antennae 114 may be disposed in the
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non-display area, which antennae extend from the display
area or may be distinct or separate antennae from the antennae
in the display area.

An exploded view of one example of a three-dimensional
gesture detecting display 118 of an electronic device 100 is
shown in FIG. 2. The three-dimensional gesture detecting
display 118 includes the display 112 and a substrate 202
disposed on the display 112. The substrate 202 may be any
suitable dielectric or insulator material such as glass. The
antennae 114 are disposed on the substrate 202. In this
example, the antennae 114 include transmit antennae 204
disposed on one surface 208 of the substrate 202 and receive
antennae 206 disposed on an opposite surface 210 of the
substrate 202. The transmit antennae 204 are disposed on the
surface 208 of the substrate 202 that is closest to or on the
display 112 such that the receive antennae 206 are disposed
on an outer surface of the substrate 202 or the surface 210 that
is farthest from the display 112. Thus, the transmit antennae
204 are disposed on a different layer of the three-dimensional
gesture detecting display 118 than the receive antennae 206.

The transmit antennae 204 are arranged in an array on the
surface 208 of the substrate 202 and the receive antennae 206
are arranged in an array on the opposite surface 210 of the
substrate 202 to provide co-polarized dipoles. Alternatively,
cross-polarized antennae may be successfully implemented.
Alocal measurement of the received signal is taken at the port
212 for each receive antenna 206 when in use.

The transmit antennae 204 and the receive antennae 206
are controlled by the controller 116. The controller 116 con-
trols when the antennae are turned on or when they operate.
The transmit antennae 204 transmits a radio signal, in the
MHz or GHz range, such as a microwave signal. The received
signal from the port 212 of the receive antennae 206 is an
electromagnetic wave that is utilized to determine the electric
field and/or the magnetic field. The electric field and the
magnetic field from each of the receive antennae 206 are
utilized to detect an object that is spaced from the three-
dimensional gesture detecting display 118. The voltage signal
from the receive antennae 206 may also be utilized to detect
an object that is spaced from the three-dimensional gesture
detecting display 118.

An object that is spaced from the three-dimensional ges-
ture detecting display 118, is detected based on changes in the
electric field and/or the magnetic field when the object enters
the space in front of the three-dimensional gesture detecting
display 118, compared to the electric field and/or the mag-
netic field measured when no object is present. Radar posi-
tioning techniques may be utilized to determine the location
of the object and the time differences between transmitted
signals and received signals may be utilized to determine the
distance of the object from the three-dimensional gesture
detecting display 118.

Changes in the electric field or magnetic field are deter-
mined when the distance between the object and the three-
dimensional gesture detecting display 118 changes, i.e., the
object moves toward or away from the three-dimensional
gesture detecting display 118. The changes in the electric
field or magnetic field facilitate detection of distance between
the three-dimensional gesture detecting display 118 and the
object. Thus, movement toward or away from the three-di-
mensional gesture detecting display 118 may be detected.

Changes in the electric field or the magnetic field are also
determined when the object moves relative to the three-di-
mensional gesture detecting display 118, but the distance
between the three-dimensional gesture detecting display 118
and the object is generally unchanged, i.e., the object moves
generally parallel to the three-dimensional gesture detecting
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display 118. Thus, movement in a plane that is generally
parallel to the three-dimensional gesture detecting display
118 may also be detected.

Movement of an object in any direction may be detected
based on calculations utilizing the electric field changes and/
orthe magnetic field changes. The shape of an object may also
be determined such that a large object is distinguishable from
a small object. The size and shape of the object is determined,
for example, based on the changes in the electric field com-
pared to the electric field when an object is not present.
Microwave-based imaging may be performed. Thus, in addi-
tion to location, shape and/or size may be determined, for
example, to identify the object.

When a finger is detected, localized changes in voltage
occur as compared to voltage measured when no object is
present. For example, significant differences in voltage may
be detected at two receive antennae 206. When a palm is
detected, changes in voltage occur over a greater area, as
compared to voltage measured when no object is present. For
example, significant differences in voltage may be detected at
all receive antennae 206. This difference occurs because of
the size difference between a finger and a palm. Because the
palm is larger, the measured voltage is affected or changed at
more receive antennae. Utilizing multiple transmit antennae
204 and receive antennae 206, voltage differences determined
for each receive antennae 206 may differ depending on the
object, providing additional information from which shape is
determined.

Movement of the object is also detected such that gestures
may be identified based on the gesture attributes such as
speed, shape, and direction. Thus, in addition to detecting
location and movement of an object, the object may be iden-
tified. The number of gestures that may be determined or
distinguished is greater compared to a device that is incapable
of detecting or identifying size or shape of an object because
the three-dimensional gesture detecting display 118 may be
utilized to detect and distinguish between objects of different
sizes and between shapes of objects, such as shapes that a
hand may take, including shapes in which a finger or fingers
are extended or a “thumbs-up” shape, for example.

A simplified perspective view of an example of a portable
electronic device 100 is illustrated in F1G. 3, FIG. 4, and FI1G.
5. In the simplified view of FIG. 3, the portable electronic
device 100 includes a single transmit antenna 204 and a single
receive antenna 206 that are disposed on surfaces of a sub-
strate of the portable electronic device 100. The portable
electronic device 100 includes a printed circuit board 302 that
is utilized to support and couple electronic components of the
portable electronic device 100. A power source 142, which in
this example is a battery, is also illustrated.

The far field pattern of the electromagnetic field that is
created when the transmit antenna 204 of FIG. 3 is excited is
illustrated in FIG. 4. In the example of FIG. 4, no object is
present in the electromagnetic field. The far field pattern of
the electromagnetic field is affected by the presence of an
object spaced from the three-dimensional gesture detecting
display 118. A far field pattern of the electromagnetic field
when an object 502 is present in the field is illustrated in FI1G.
5. In the simplified example of FIG. 5, the object 502 is a
rectangular parallelepiped. Objects of other shapes affect the
pattern ofthe electromagnetic field such that the pattern of the
electromagnetic field differs when different objects are
present in the field, compared to the pattern of the electro-
magnetic field when no object is present.

Signals are transmitted from the transmit antenna 204 and
backscatter from the signals is received at the receive anten-
nae 206. Backscatter refers to the signal sent from a transmit
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antennae 204 that is reflected or scattered from an object such
as a finger or hand. The backscatter is analyzed to detect the
object.

The received signal from the receive antennae 206 is an
electromagnetic wave that is utilized to determine the electric
field and/or the magnetic field. The signal from each receive
antennae 206 is utilized to detect an object that is spaced from
the three-dimensional gesture detecting display 118. The
voltage signal from the receive antennae 206 may also be
utilized to detect an object that is spaced from the three-
dimensional gesture detecting display 118. The signals
received at the receive antennae are sampled regularly and
analyzed to detect objects spaced from the three-dimensional
gesture detecting display 118. The signals are collected and
the corresponding equation, e.g., Maxwell equation at low
frequency, is solved iteratively for different gestures to obtain
the solution that is closest to the collected values. For
example, a library or table of predefined gestures or objects
may be stored on the portable electronic device 100. The
expected signals for the predefined gestures or objects may be
determined utilizing corresponding Maxwell equations. The
expected signals may be determined and stored in the library
or table stored on the portable electronic device 100. The
expected signals for one of the predefined gesture or objects
are compared to the measured signals from each ofthe receive
antennae 206 to determine whether or not the expected sig-
nals for the predefined gesture or object match the measured
signals from each of the receive antennae 206, within an
acceptable error threshold. When a match is identified, within
the error threshold, the associated predefined gesture or
object is identified as the detected gesture or object. When a
match is not identified, the expected signals for a next pre-
defined gesture or object are compared the measure signals.
Thus, the process continues until an acceptable match is
found or until no predefined gesture or object is a sufficient
match.

A flowchart illustrating a method of detecting attributes of
an object spaced from the display 112, such as the three-
dimensional gesture detecting display 118 of FIG. 2, is illus-
trated in FIG. 6. The method may be carried out by software
executed, for example, by the controller 116 and the proces-
sor 102. Coding of software for carrying out such a method is
within the scope of a person of ordinary skill in the art given
the present description. The method may contain additional
or fewer processes than shown and/or described, and may be
performed in a different order. Computer-readable code
executable by at least one processor of the portable electronic
device to perform the method may be stored in a computer-
readable storage medium, such as a computer-readable stor-
age device.

The transmit antennae 204 are controlled by the controller
116 and signals are emitted 602 from the transmit antennae
204. As described, the signals are high frequency signals in
the MHz or GHz range, such as a microwave signal.

Backscatter from the signals is received 604 at the receive
antennae 206. The backscatter is analyzed 306 to detect loca-
tion of an object. The backscatter may also be analyzed 606 to
detect the size and/or shape of the object. When an object is
detected at 608, the attributes of the object, including loca-
tion, size and/or shape, are compared to previous attributes of
the object based on previously measured values, to identify
610 a gesture. When a gesture is not identified, the process
continues at 602 to continue to monitor the object to identify
gestures by repeating signal emission from the transmit
antennae 204, receiving backscatter at the receive antennae
206 and analyzing to detect location and at least one of size
and shape of the object. Thus, values are measured dynami-
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cally to detect an object and to detect changes in object
attributes such as location. The gesture is identified by com-
paring attributes of the gesture to attributes of known gestures
or defined gestures. When a gesture is identified at 610, the
associated command is identified 612. For example, a gesture
may be associated with a command utilizing a look-up table.
Any suitable command may be utilized. For example, com-
mands may be utilized to open or launch an application, to
close an application, to proceed to a next photo or image, to
reverse back to a previous image, to scroll, and to zoom, to
name a small number of examples.

One example of object detection is illustrated in FIG. 7
through FIG. 10. A side view of one example of a portable
electronic device 100 is shown in FIG. 7 and a front view the
portable electronic device 100 is shown in FIG. 8. In the
example of FIG. 7 and FIG. 8, an object 702 is present in the
electromagnetic field that is created as signals are emitted
from the transmit antennae 204 and backscatter is received at
the receive antennae 206. The backscatter is analyzed and the
size and general shape of the object 702 is detected. For the
purpose of the present example, a corresponding object 802 is
displayed on the display 112 ofthe portable electronic device
100.

The object 702 moves from right to left in the orientation of
the portable electronic device 100 illustrated in FIG. 9 and
FIG. 10 and movement of the object is detected. For the
purpose of the present example, the corresponding object 802
that is displayed on the display 112 of the portable electronic
device 100, also moves from right to left in the illustrated
orientation. The object 702 also moves closer to the display
112 such that the distance between the object 702 and the
display 112 is reduced and the size of the corresponding
object 802 that is displayed on the display 112 of the portable
electronic device 100, changes to illustrate the change in
distance between the object 702 and the display 112. In this
example, a reduction in distance between the object 702 and
the display 112 is illustrated by an increase in the size of the
corresponding object 802 displayed on the display 112.

An electronic device includes a display, a plurality of
antennae arranged and constructed to emit a signal and to
receive backscatter from the signal, and a processor operably
coupled to the antennae to utilize the received backscatter to
detect location and at least one of size and shape of an object
spaced from the display.

A method of detecting an object spaced from a display of
an electronic device, includes emitting a signal from and
receiving backscatter at a plurality of antennae of the elec-
tronic device, and utilizing the received backscatter to detect
location and at least one of size and shape of the object spaced
from the display.

Advantageously, size and/or shape of an object located in
front of and spaced from the display 112 may be detected in
addition to location. Utilizing such information, a finger may
be distinguished from multiple fingers or from a palm, for
example. Thus, the number of attributes of an object or a
gesture that may be determined is greater and the number of
gestures that may be identified is therefore greater than the
number that may be identified utilizing a device that is inca-
pable of detecting or distinguishing size or shape. Further, the
distance from the display 112 at which an object may still be
detected is greatly increased by comparison to capacitive-
type three-dimensional gesture detection in which objects
must be very close to the display 112, to be detected.

The present disclosure may be embodied in other specific
forms without departing from the essential characteristics.
The described embodiments are to be considered in all
respects only as illustrative and not restrictive. The scope of
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the disclosure is, therefore, indicated by the appended claims
rather than by the foregoing description. All changes that
come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

What is claimed is:
1. An electronic device comprising:
a display;
a dielectric substrate disposed on the display;
a plurality of antennae including a plurality of transmit
antennae disposed on a first side of the substrate dis-
posed on the display and arranged and constructed to
emit radio waves, and a plurality of receive antennae
disposed in an array on a second side of the substrate
disposed on the display to receive backscatter from the
radio waves such that the transmit antennae and receive
antennae are disposed on opposite surfaces of the dielec-
tric substrate and the transmit antennae and receive
antennae and the substrate are all disposed on the dis-
play;
aprocessor operably coupled to the plurality of antennae to
utilize the received backscatter to:
detect voltage at each of the receive antennae disposed in
the array on the display; and

based on which ones of the plurality of receive antennae
disposed in the array at which voltage changes are
detected, detect location of an object spaced from the
display, size of the object, and shape of the object;

identify the object based on the size of the object and the
shape of the object;

determine at least one attribute of a gesture including at
least one of gesture speed, gesture shape, or gesture
direction based on repeatedly detecting the location of
the object;

identify the gesture based on the object identified and the
at least one attribute of the gesture; and

identify a command associated with the gesture.

2. The electronic device according to claim 1, wherein the
processor is arranged and constructed to:

compare the gesture to known gestures to identify the
command associated with the gesture.

3. The electronic device according to claim 1, wherein the

radio waves comprise micro waves.
4. The electronic device according to claim 1, wherein the
backscatter comprises a received signal from which at least
one of an electric field or a magnetic field is determined.
5. The electronic device according to claim 1, wherein the
plurality of antennae are arranged in an antenna array.
6. A method of detecting an object spaced from a display of
an electronic device, comprising:
emitting radio waves from a plurality of transmit antennae
disposed on a first side of a substrate disposed on a
display of the electronic device and receiving backscat-
ter at a plurality of receive antennae disposed in an array
on a second side of the substrate disposed on the display
of the electronic device, such that the transmit antennae
and receive antennae are disposed on opposite surfaces
of the dielectric substrate and the transmit antennae and
receive antennae and the substrate are all disposed on the
display;
utilizing the received backscatter to:
detect voltage at each of the receive antennae disposed in
the array on the display; and

based on which ones of the plurality of receive antennae
disposed in the array at which voltage changes are
detected, detect location of the object spaced from the
display, size of the object, and shape of the object;
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identify the object based on the size of the object and the
shape of the object;

determine at least one attribute of a gesture including at
least one of gesture speed, gesture shape, or gesture
direction based on repeatedly detecting the location of
the object;

identify the gesture based on the object identified and the
at least one attribute of the gesture; and

identify a command associated with the gesture.

7. The method according to claim 6, wherein the processor
is arranged and constructed to compare the gesture to known
gestures to identify the command.

8. The method according to claim 6, wherein the backscat-
ter comprises a received signal from which an electric field
and a magnetic field is determined.

9. The method according to claim 6, wherein emitting radio
waves from and receiving backscatter at a plurality of anten-
nae comprises emitting the radio waves from a plurality of
transmit antennae on the display and receiving backscatter at
a plurality of receive antennae on the display.

10. A non-transitory computer-readable storage device
having computer-readable code stored thereon, the computer-
readable code executable by at least one processor of a por-
table electronic device to:

cause a plurality of transmit antennae disposed on a first

side of a substrate disposed on a display of the portable
electronic device to emit radio waves and a plurality of
receive antennae disposed in an array on a second side of
the substrate disposed on the display to receive back-
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scatter, such that the transmit antennae and receive
antennae are disposed on opposite surfaces of the dielec-
tric substrate and the transmit antennae and receive
antennae and the substrate are all disposed on the dis-
play; and

utilize the received backscatter to:

detect voltage at each of the receive antennae disposed in
the array on the display; and

based on which ones of the plurality of receive antennae
disposed in the array at which voltage changes are
detected, detect location of the object spaced from the
display, size of the object, and shape of the object;

identify the object based on the size of the object and the
shape of the object;

determine at least one attribute of a gesture including at
least one of gesture speed, gesture shape, or gesture
direction based on repeatedly detecting the location of
the object;

identify the gesture based on the object identified and the
at least one attribute of the gesture; and

identify a command associated with the gesture.

11. The non-transitory computer-readable storage device
according to claim 10, wherein the radio waves comprise
micro waves.

12. The non-transitory computer-readable storage device
according to claim 10, wherein the backscatter comprises a
received signal from which at least one of an electric field or
a magnetic field is determined.

#* #* #* #* #*



